Modeling techniques
Simulation requires defining a model of the simulated system. Different types of models are best fit for different systems:
■ Discrete models for digital systems (such as computers, controllers, and their software);
■ hybrid models for physiological systems (such as the heart).
The heart-ICP system requires two interacting models, a discrete and a hybrid one.
But the two models "speak" different languages!
Contribution
Tools and methods to compose models of different type into an integrated model of the heart-pacemaker system. 
Methods: Logic Specifications
Logic specifications model a system by stating its properties in a formal language.
Logic specifications are used for the formal verification of systems, using automatic theorem proving. (THEOREMS) System properties (THEORY) System definition Theorem prover PROVED! NOT PROVED: counterex
Methods: The PVS Environment
The Prototype Verification System is an interactive theorem prover developed at SRI International by S. Owre, N. Shankar, J. Rushby, and others.
PVS has a rich specification language to define theories.
PVS has many powerful inference rules to prove theorems interactively.
■ A user submits a theorem, then chooses inference rules until the proof ends successfully, or gets stuck.
■ Often a single step is sufficient.
PVS has a simulation extension (PVSio).
Methods: MathWorks Models
Simulink is a widely used tool to model complex systems.
Heart models have been developed in Simulink with the hybrid automaton (HA) paradigm. The ICP and heart model communicate through two web services (programs that exchange messages with the protocols of the WWW).
The two models can be executed on the same computer, or be distributed on different machines.
Results
A TA-based model of a commercial ICP (Jiang et al., 2012b) was translated into the PVS language.
The PVS model was interfaced to a web service module with the PVSio extension.
A HA-based model of the heart, implemented in Simulink (Chen et al., 2014) , was interfaced to a web service module.
Simulations were executed in the resulting integrated environment (next slide):
Conclusions
A method and its supporting tools has been developed to integrate ICP and heart models built on different modeling paradigms.
This enables developers of ICPs to model each component with the most appropriate tools and languages.
The resulting simulation environment can be executed on a laptop or on a distributed system. This affords more computing power when needed, and the convenience of switching easily between different models.
Using the PVS environment for the ICP model makes it possible to couple simulation to formal verification.
The method has been used to integrate ICP and heart models described in the literature, developed independently.
